A control system based on a combination of the gain-scheduling control method and an adaptive PID controller was designed for the production of xylose from hardwood hemicellulose using a stirring tank reactor. Different operating conditions have been considered for estimating the adjustable parameter (0) to take into account the changes of energy of the system. The performance of the control system was studied first by numerical simulation, and after implementation in the stirred tank reactor where the controller actually works.
Introduction
Temperature control in xylose production has industrial interest due to the following tactors.
Temperature control in xylose production plays an important role in several industries, e.g. biomass, cellulose, paper and lignin. Economical conversion of wood requires efficient use of the reactor and processing conditions. The behaviour of real plants includes the effects of several elements, e.g. real stirred tanks with dead zones, flow short circuits, and instruments that can introduce noise and inaccuracy into the measurement, transmission and manipulation of process variables.
Although production of chemicals from hardwood hemicellulose has been considered broadly from a resource point of view [1] , progress toward commercial processes requires detailed study and analysis on a case by case basis. It is necessary to consider specific chemical processes, assess the technology available to accomplish each process, and thus to determine the economic viability of each process. Optimal production of xylose from hardwood hemicellulose must be analysed with respect to reactor yield, production concentration and operation conditions. Determination of the most desirable processing conditions requires the ability to predict reactor performance from knowledge of hydrolysis kinetics and pertinent transport properties. [3, 4] and given by:
Rx z. kf Xf -Jr-(1 z) ks Ys (2) where Rx is the fractional xylan hydrolysis rate, Xf and Xs are the fraction of fast and slowly reacing xylan remaining in the solid residue z--0.7, and kf and ks are calculated using the equation reported in Ref. [1] .
The following assumptions were made in developing the reactor model.
(1) The kinetics of xylose formation and degradation follow the models presented earlier.
(2) Axial dispersion can be neglected. (8) The appropriate boundary conditions are:
The energy equations and mass conservation equations are not coupled, the energy equations can be solved first by discretizing the variables in the space using the finite difference method. The procedure consists of alternatively solving the energy and mass balance equations, and continues until the desired reaction time is reached.
As well as the energy balances in the reactor, an additional equation exists that is the energy balance in the glycol jacket for the maintained constant temperature. The expression is as follows [5] : 
Substituting equation (11) into equation (10) The parameter 0 is calculated using equation (11) 
